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I. Introduction

At the last air cleaning sominar we prosented a preliminary réport
of our studies on electrostatically charged aorosol filtérs. At that
time wo outlined some basic concoepts of eloct?ostatics such as methods
for producing static electricity, mechanisms of charge.roduction and
measurement of chsrge, In addition, we reviewed existing information on
the nafure‘and behavior of the rosin-wool filter. In this paper we shall
attempt to bring you up to date on the results of our'continuing resocarch

on the electrostatic effects ih fiber filters,

'

'II. FExporimontal Studies on the Effect of Aerosol Charge on Filter Efficiency

A. Apparatus and Procedure

" The electrical mechanism of removal in a dry fibrous filter is
rolated to the electrostatic force betwecen fhe aerosoi and the collecting
surface,. This force may be either a Coulomb or a polarization forcol,
Tho Coulomb force exerted on an asrosol particle possessing a chargo Qp

in en’ electric field of intensity E surrouncing a charged fiber.is as

follovwesgxx

% Senior Sanitary Enginoer, U. S. Public Health Service on assignmont
from tho Eavironmental Health Ceonter, Cincinnati, Ohio )

#%x Tho units used aro in the "unrationalized" cpgs or Gaussian system. Thet is,
F is in dynos, ¥ in ststvolts/cm, Q in stetcoulombs, and r in centlueters.
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}
Tho fiold E at a di.tancoe r from tho axis of u'long'slondor fi£or chargod
uhiform]y with Qf units of charge por contimotor of length is as follows;

E = 2Qp
m M

Since tho rolative dielectric constant k for air is nearly 1, the Coulomb

force experienced by the amorosol particle in air is;

F, = ZQPQr
: r

Thus, the removal force is a function of the product of the charge on the
individual pa}ticlc and the charge on the fiber,

If F. is negative, the particles tend to move from the amerosol stream
onto the collocting surface, the net effect being an increase in filtering
efficiency. Conversoly, a-positive valuo would indicate a iowering of
ef ficiency.

In tho case whero one of the ?omponentb is charged and the othor is =

dielectric, the force between the two may be a polarization force?, An

N

uncharged particle whoso dielectric constant differs from that of the
surrounding medium oxperiences a net force when plaéed in a non-uniform

eloctric fisld.

Consider an uncharged particle in the noa-uniform field E surrounding '

a long slender charged fiber ' in air., The inductive force on a particle of

volﬁmc V and of dieclectric constant k¥ is as 'follows;

Fp = (k~1)VE é E
: L7 >
whoro r is the radiasl distance from the fiber,
Thus, tho ocollecting force on a dielectric particle is rolated to the

absoluto value of tho eleciric field surrounding tho charged fibor, as woll

66 the field grediont, The motion of tho particle will be in direction of
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tho greatest fiold &trength, that is, towerds tho fibor, rogardloss of the

D — :

polarity of the fiber. éinco E = 2Qr, Fp = (k-1)d3Qr?2 whore d is tho
: r : 6r
particle diamcter.

An evaluation, therefore, of the role of eleotrostatics in filtration
must conéorn itsolf with two compononts = particle charge and fiboer charge,

In this study we have divided our investigations into two phasos. The
first phase 1s concerned with the effqots of particle c%urgo on fhe filtration
officioncy of an initially uncharged fiber filter. The ramaiﬁder of this
papor deals principally with this aspoct and will include a description
of the tost procedure, apparatus and results,

The second phase is concerned with the effoct of charged fibers on
the efficiency of filtration of uncharged'nerosol particles, Some exploratory
work on this aspoct has besen initiated, and brief mention will be mads of

’-

tosts in progress, / '
a) Aerosol generator g
~ Figure 1 shows the general layout of the ;ntire tost assembly, 4

15 inch diemster steel drum'open at the top houso$ a ‘constant spoed motor
driving a horizontgl 4 inch diameter brass disc.* From an overhead constant
head tank, & solution of 0.1 percent methylene blﬁa in 95 poercent ethyl
alcohol is fed through a hypodermic needle onto the center of the disc, Thq'
resulting thin liquid film is centrifuged off thé edgé to form a fine liquid
spray coﬂsisting of droplots of two distinot sizes; the maln droplets and the
éatollites, of approximatdly 1/3_tho size of the main ones, The diamoter of

tho maln droplets 15 & function of the rotational speocd, radius of the diso

and physical charactoristics of tho liquid. An induced downward flow of air

« Tho aerosol was gonorated by a spinning disc sprnyof ddaptod from the
unit doveloped by Valton & Prowottd,
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through the drum inlorcopls tho satollitos and convoys them 1nt; the inlet
of tho 5 1/4 inch tost duot. Contact with dry room air rosults in tho
evaporation of othanol from those dropl&ts and solid sphores of methyleneo
“ bluo aro foried. Particlo size distribution, determined by means of & Cascado
Impactor ‘having a molocular filter (MF or Milliporo Filter)s as.the fifth
stﬁge,'showod the aerosol to have a mass madian diamoter of 2,0 i and a
goomotric standard deviation of 1.,3. Loadings could be varled from about
0.1 to 1.7 mgs. per cubic meter with good reproducibility.

A Stairmand disc and diffuser screeu are provided in the duct to insure
uniform cfoss—sectionul distribution of the aerosol,

b) Aorosol charging device

The serosol 1s Eharged by means of an fonizer section containing
a series ofbélectrodes.consisting of fine wires end coplanar brass cylinders,
A diroct current powsr supply furnishes controlled volt#ges up to 12,000 |
volts and ion currents up to 150 microamperes, A uaipolar corona discharge
is established bet;een the wire and cylinder electrodes. Particles entering
the el&ctric field betwoen the wire and cylinder are charged as a result bf
 ‘bombardment of ions having the samo polarity as the %ire. The emorging
aerosol, thorefore, possesses & charge having predominantly the same polarity
as th; disﬁharge olecerbde. Aerosol charge could be varied from tost to test
by varying the lonizing voltage and current, |

e) - Sampling

Sampling probos placed oh either side of tho test filter permnit
determination of filtration effici;ncy. The filtor medium in the sampler
is a LF (Hydrosol Assay Typo) having an efficiency of approximately 100

-

percont, Tho sampling rate was § liters por minute,.

* Lovoll Chomicyl Company, ¥Watertown 72, Massachusotts
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‘Mass conconiration of muthyleno bluc aorosol collocéod by tho samplers
-is doéormihod by dissolving tho molacular filter in acotone, adding ethanol
to dissolve the methyleno bluo and unglyzing tho solution colorimotrically
-on a Klett colorimotoer,

@) Aerosol charge moasuremont

The filtor medium used in theso tosts was 50 p diamoéer glass
fibors éacked to & density of one pound per cubio_foot. The filter wus
5 1/4 inchos in diamctor and 1 inch thick., Aerosol chargé measuroments
wors made with a Faraday cage consisting of an 8 inch long brass collar
around a Lucite filter holder as shown in Figure 2. A Rawson electrostatic
voltmoter of low capacitance and high leakage resistance is connected to
the Faraday cylinder. The éapacitance of the entire electrical system
including fhe meter is dotermined by.a capacitance moter#, Electrical
shiolding of the moasurement unit eliminates the effects of stray eloctric
fields and capacitance, Critiéal parts of the test assembly are garofully
grounded through conductérs using soldered connections,
.Thc,product of the capacitance of a body and its potontial equals its
chargo. Ther&foro, the collection of aerosol particles on the test filter
is refiected by a steady chenge in voltage reading. Thus dQ/at =C dV/Atﬁt,
that is; the product of the cylinder voltage change and the capacitance of
the cystom is & moasure of the not charze of collected aerosol por unit of
time, Appropriate corroctions are made for the charge carried by rir ions,

atmospheric dust and alcohol vapor.,

Knoving thoe norosol concontration upstream of the filter, as dotermined
by the upstream sampler, it 1s possible to calculate the woeight of moethylens

blus collectod on tho filtor aftoer corrocting for measured filtor efficiency.

% Gonoral Rudio 1612AL R-F Capacitance lotur O to 100 pyuf,
v¥ Ynoro ¢ 1s in Statcoulombs, C in Statfarads and V in Statvolts.
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From thoso data tho ratio of charge 'to mass In torms of statooulombs por
graia caﬂ bo calculatod, Since tho modian poarticle sizo is known, a roasonabdbly
accurato approximation of the avorage eloctron charge units per particle can
be odtainod, |

B. Test Rosults

Two sorios of runs were made, one with positively charged particles
and the other with negatively charged particles, The suporficial filtering
volocity was 33 feot per minute with a filter resistance of 0,024 inches Wege
Aeroscl loading rangoed from 0;10 to 0.65 mgs/&ubic ﬁotor for nogative anerosol
tests, and 0,19 to 1.7 mg%/bubic moter for positive aerosol tests. Although
the filter used for the negative serosol was a.different one from that used
with tho positive merosocl, the medium, packing dc;sity, filﬁration velocity
and resistance wore guite similar, ‘

It will bo noted that the filter officiency at zero charge was different
for the two filters, This is of little significance since these tests wero
concerncd only with the reletive effect of aerosol chargs on penetration.

Tﬁe shape of the Curvos in Figures 3 ‘and 4 indicate that the filter
efficioncy gradually increases witﬁ aerosol charge f;om an initial value at
zero charge to a moximum value, remaining constant with Increasing aerosol
charge, Tho results are simller in the case of ths posifive and nogative

aerosols.

The meximua increase in porcent removal duc to charge in either case is

. /72.5-64.5
the scoums, namelyt___strg_.

85-75.5 = o ; 3 s \ ' ;
2.2 1100 = 12.7% for the positive aerosol, Also noteworthy is the fact
7445 ' .

that, with either polarity, the maximum efficlency is reached et an aerosol

100 = 12.,4% for the negative aerosol, and

charge of about 2 x 10° statcoulombs per gram.

Tost rosults can bo oxpleinod as followsy Tho initiel or "zero chargo™

. - - Lo
DN A -4

REE R
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poﬁot?ution through tho filtor is dotermined by its inhoront mochanical
£iliration officioncy: As filtration timo incroasos, tho deposition of chnrgéd
partiocles on tho filter gradually causos it to become charged. As this filter
chargo incroasos, tho olectrio ficld at tho filter surface becomes moro intense,
Thus, epproaching charged particlos experienco an inoroasing Coulomb repulsion
until the electric field is sufficiently high to rotard or ropel oncoming
pnréiclos.

For the purpose of éhis discussion let us assune thdt the fil£er surface
- reprosents a uniformly charged infinito plane. This, admittedly is an over-
sinplification of tho fiold conditions, but nevertheloss it is a limifing
08564. Then; E =274  whore E = Electric field intensity

o = electric charge density at filter surface

k = djelectric constant = 1 for air.

Since the repulsive foroce F, on an approaching partiocle with a chargo of
Qp is &s follows; Fog = EQP, thon F =.EZZLSR. but o~ =4$i£- where
AQ is the filter oharge increment per unit of fiie. Therefore Fg = 27A5¥t‘Qp

’ ' ' Ak

This electriéal replusion causes the ;artic}és to dscelerato. However,
as the particles slow dovn the visoous drag force of the airstrozm on the
“partiocle increascs as followsy
| Fq = 377'7'd.AV - Fq = drag force,
2

d = particle diameter

viscosity of air

]

AV = velocity of particle

rolative to the airstrean.

Since F, =Fy = 379d &V, Av(fpn) = (2.6 x IOS)AQ°t-QP
Valuos of AV during filtration of pccitivo merosols of rolatively lowr

and high chargo respoctivoly were calouleted and plotted in Figure 5, It

_— . [ -« e
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will bo notod that tho_{gpollingioffoot of tho filter, as it g;uduuliy
bocomos chargoed by virtuo of dopositod chargod particles, is of significant
magnitude. This reduction of particle &olocity roducos filter ponetration
sinco it incroases the effoctivoness of such removal factors as gravitational,
diffusional and eloctrostatic forces normally operating in mech&nio&l
filtration. The repelling effect in the case of the more highly charged
Aorosoi is much more marked. | |

From a compsarison of the slopos of tho two curveslit may be inferrod
that at aorosol charge vikluss slgghtly higher than 2.2 x 10% Statcoulombs
"por gram the repulsion effoct of the filter reaches a maximum., It follows
.thorofore, that boyond this point filter officiency assumes a constant
maxiﬁum value. This is in genoral agroement with'oxperimoﬁtul results showm
in Figure 8 which indicaté that percent romoval of acrosol roaches a maximum

st an aerosol charge of about 2 x 105 Statcoulombs per gram,

The ebovo explanation is based on»the assumption that the filter
rapres&nts e.uniformly charged infinite plane. The actual s%ape and
intensity of the electric {ield et the surface of the test filtor %s,more
complex than this. The actual cherge density at the:filter face is lower
than assuned, and therefore the electrostatic effects oro less marked.
Nevertholoss, theso figures sorve to demonstrate the gonoral charecier of
these effects end how thoy vary with aerosol charge.

The feilure of the filter to attuin & removal value closer to 100
porcent may bo attributed to the fact that.tﬁe t;st gerosol was not complétely

homogeneous in size and not uniformly charged, consequently, there existod

particles possossing e chargo bolow the critical value. _ .

III. Effoct of Fibor Chargo on Filter Poncitration

A3 montionsd proviously, tho eloctrostatic mochanism in filtration
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‘involvos two componants - the partlcle charge and the fiber charge. The
‘former wns discussod above, howevor, tho fiber charyge effects may boe of

equal or greater importance,

The attraction of airbornc dust end lint to synthetic fibors and fabrics

"during toxtlle processing opsrations suggests the uso of these modia in

asrosol filters. The new synthatic fibers are known to develop and retain
high static charges and this aerosol collection ability is rolated to
electrostatic forces,

Before initiating tests to determine the significance of fiber charge
on filter performance it was nacessary to devise techniques for both pro-
ducing eloctrostatically charged fibers and for moeasuring such charges, The
mothod developed for cha;ge measurement involved £he Faraday effect (Figure 6).
The Faraday cylinder described previouslj is connected to a Rawson electrostatic
voltuweter in parallel with a calibr?ted air capacitor as a range extender.

It was observed that by briefly rubbing & sample of cer?ain plastic fibers
and dropping it into the Faraday cylinder a substantial deflection on
the v01£m0ter could bo obtained. The product of this voltage end the
total capacitance of the/systom is equal to the net ;harge on the fibers
in units of statcoulombs por gram.

figgr; 7 shows th;\fesults of two tests made with 70 p Saran fibers,
In Test ;71 the fibers were hand rubbed, whoreas iﬁ tho second test the
charge was goneratod by rolling the fiber mass in a glass cylinder,

It will be noted that chargé‘decrggues exponentially witﬁ weight,
Plotted on logz-log paper, the average slope of theso curves is -9;38.
'Analysis of thesé date disclosed that theso results ere in close agreemsnt
with the thoorotical rolationship botwoon mass and tho ratio of charge to

mass for u gphere having & uniform chargo donsity on its surfeco. A comparable

- . - g e e

-
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plof of this‘;olutionshig would yiocld a line with a slope of ~0:33.

Thoso rosults roprosont oxporimontal verificention of tho fact that in
-chnrging fibors in this mannor, esscntially the not charge is distributed
on tho outer surface of the fibor>wud, sinco tribo-electrification cﬁn occur
only at the contact su;face botween tho wad and the hand or glus; cylinder,

» This mothod of charging therofore was not considered satisfactory as it
}did not distribute the charge throughout the filler mass. Another technique
.Wns dovised in which the fibers were electrostatically charged by means of a

set of wool hand carders. It was observed that after several strokes of the
hand carders Saran fibers bocsme highly charged. The mechanism involvedlin
this method is likewise tribo-electrification. 1In 2 series of tests, known
'waights of Saran fibers were hand carded end dropsod into th; Fareday cage,
Froﬁ £he voltage reading and capacitunce.the fiber charge was calculated,
The results are shown In Figure 8., Each point represents aﬁ average of 5
measurements,
The significant conclusions to be derived from these r;sults ere as
follows:
1. The plot of Q/¥ vs Q 1s based on 2 series of measﬁremcnts made
on different days. Since the points fall very close to the line it is
evident that the procedureiis quité.roproducible.
2. The values of cﬂarge obtainod by this mcthod are sbout 18 times
highcr.than the previous maethod involving rolling iﬁ a glass gylinder,
V thus demonsirating the gro&ter>§}?octivenes;:of this techniéuo for charging
the fibers. /
3. Tho calculated valuc of moximun surface charge density on the |
fivers is 6.8 statcoﬁiombs per cubic moter which comparos(quito fgvorubly

with roported values of chout 0.6 oncountored in industrisl practice, end

e e e [ - v M vt
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2.0 for charging belts of Van do Grunff_oloct;ostutic_gonorntorss.
In ono sories of t;sts tho samples were carded with 40 strokes while

in the othor 20 strokos wore usod. It was subsoquently detormined that
these high valuos of fiber charge could be roached after only 3 or 4 strokes
of the hand carders, Thus it was concluded that these results represonted
tho limiting charge densities attainable by this tochnique.

’ Sinco this mothod of charging the fibers is relatively simple, roproducible,
and capable of genorating satisfactorily high charge levels it was adopted

a5 standard procedure for this phase of our studies.

Iv Conclﬁsion

It is planned to construct fiber filters chargod in this manner to
dotermine tho relationship betwoon charge intonsity end aorosol removal
efficioncy. Also of intorost will bo the life of such z charge and its
variation, if any during operation, From such investigations it 1s hoped to
obtain a botter understanding of the electrostatic effects. in aerosocl |

filtration.
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